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Introduction {#sec005}
============

The World Health Organization reports that thousands of people are affected by complications and adverse events (AEs) associated with caregiving, and that these events increase morbidity and mortality rates worldwide \[[@pone.0236370.ref001]--[@pone.0236370.ref003]\]. Complications in hospital are unfortunate for patients and expensive for healthcare systems \[[@pone.0236370.ref004]\]. Health organizations stress the importance of establishing a culture of safety to ensure that patients are not inadvertently harmed by care errors. AEs are incidents in which harm is caused to a person receiving health care, generally resulting in additional treatment, prolonged hospital stay, disability at the time of discharge, or death \[[@pone.0236370.ref005]\]; they have become a global problem and an important indicator of patient safety \[[@pone.0236370.ref006]\].

Studies including large patient samples estimate that approximately 10% of hospital admissions are associated with an AE \[[@pone.0236370.ref007],[@pone.0236370.ref008]\] and that 4% of deceased inpatients experience preventable AEs prior to death \[[@pone.0236370.ref009],[@pone.0236370.ref010]\]. Pressure ulcers, falls, aspiration pneumonia and other AEs are associated with causative factors such as age, clinical complexity, co-morbidity, illness severity, reduced functional activity and lower quality of care \[[@pone.0236370.ref011]\]. In this regard, nurses play a key role in implementing strategies for preventing functional and cognitive decline \[[@pone.0236370.ref004],[@pone.0236370.ref012]\]. A range of preventive nursing interventions are recommended to treat the three AEs mentioned: skin care to avoid pressure ulcers, patient orientation to avoid falls, and swallowing assessment to avoid aspiration pneumonia. Failure to apply preventive interventions may lead to functional and cognitive decline, which are considered preventable risk factors for the development of cascade iatrogenesis \[[@pone.0236370.ref004],[@pone.0236370.ref013]\].

Patients in tertiary care hospitals today present higher complexity than in the past, and the degree of complexity varies greatly from case to case \[[@pone.0236370.ref014]\]. Complex patients are more vulnerable to complications and are often burdened by multiple chronic conditions and psychological issues \[[@pone.0236370.ref015]\]. The term "complexity of care" has been widely used in international healthcare, and has been applied to patients with functional and health limitations and also social or non-medical issues \[[@pone.0236370.ref016]\]. Therefore, patients may be complex not only due to multiple co-occurring medical conditions, but also due to behavioral and psychosocial factors that often represent a major barrier to achieving optimal health. In this context, the Vector Model of Complexity defines the determinants of complexity, along axes representing major health determinants \[[@pone.0236370.ref017]\]. Juvé-Udina et al. also identified care complexity individual factors (CCIF) in hospitalized patients, classifying them into five domains: developmental, mental-cognitive, psycho-emotional, sociocultural and comorbidity/complications. In their qualitative participatory action study involving 404 nurses of eight public hospitals, the results identified four domains that coincided with the Vector Model of Complexity \[[@pone.0236370.ref018]\].

Similarly, the measurement of the impact of care complexity on healthcare outcomes is a key issue that requires comprehensive evaluation. Some studies have assessed specific care models in order to predict increases in medical needs during hospitalization, emergency department visits, or 30-day readmission rates \[[@pone.0236370.ref017],[@pone.0236370.ref019]\]. These studies concluded that more work focusing on psychosocial, biological and environmental aspects is needed to identify patients at risk of AEs or mortality \[[@pone.0236370.ref017]\]. Determining these non-medical factors, which include psychosocial components such as self-management and self-care abilities, may help in the design of multicomponent interventions that can then be tested in hospitalized patients \[[@pone.0236370.ref016]\]. There is a growing interest in the relationship between CCIF and healthcare outcomes such as AEs or and in-hospital mortality, and the aim of the present study was to explore this association in depth.

Material and methods {#sec006}
====================

Setting and study design {#sec007}
------------------------

A case-control study was carried out at eight public hospitals affiliated to the Catalan Institute of Health, the major public healthcare provider in Catalonia, Spain: three high-tech metropolitan facilities, three urban university centers and two community hospitals. The hospitals serve an area of 5,500,000 inhabitants and discharge around 150,000 patients per year. All patients older than 17 years admitted to a ward or step-down unit from January 1, 2016 to December 31, 2017, and with a completed nursing assessment, were retrospectively recruited after discharge and follow-up using the information charted in the electronic health records. Patients admitted to palliative care, critical care and obstetrics units were excluded.

For this study, patients were classified into the following groups: those who had AEs (pressure ulcers, falls or aspiration pneumonia not present on admission) during hospitalization (presence of AEs); those who did not (absence of AEs); and those who died in hospital (in-hospital mortality).

This study was evaluated and approved by the Clinical Research Ethics Committee (CEIC) of the Bellvitge University Hospital (reference 114/17). Informed consent was waived due to the study's retrospective design. Ethical and data protection protocols related to anonymity and data confidentiality (access to records, data encryption and archiving of information) were observed throughout the whole research process.

Data collection {#sec008}
---------------

Information regarding the demographic characteristics, unit of admission (medical or surgical ward), continuity of care (discharged/not discharged to another facility), high-tech hospital (referral center that provides tertiary care for either open-heart surgery or major organ transplants or both, or other center), length of hospital stay and relative weight of diagnosis-related group (DRG) were collected from the electronic health record system, the hospital minimum data set and the clinical data warehouse of the Catalan Institute of Health (*Institut Català de la Salut*).

Medical wards were defined as those admitting patients for health conditions that required medical diagnostic or therapeutic interventions and patients who would require short-term continuity of care at home. Surgical wards included those that admitted patients for health conditions requiring any surgical procedure, including all surgical specialties and organ transplants. Step-down units were pre- and/or post-intensive care wards, offering highly specialized treatment and close monitoring in order to fulfill an intermediate role between the standard care unit and the intensive care unit (ICU).

The diagnosis-related group (DRG) included estimators of resource consumption and costs, known as relative weights \[[@pone.0236370.ref020]\]. The DRG system attributes a relative weight to each DRG based on its cost, with the value of 1 representing the mean global cost. In Spain, these weights and costs are derived from information on hospital care costs obtained by the hospital accounting systems \[[@pone.0236370.ref021],[@pone.0236370.ref022]\]. Moreover, the DRG system assigns a severity and mortality risk according to all patient refined diagnosis-related groups (APR-DRG) used to label patients in the minimum data set from low (level 1) to extreme (level 4). Severity and mortality risk were dichotomized in this study into low risk (1--2) and high risk (3--4). All the variables collected were selected according to the medical and nursing scientific literature \[[@pone.0236370.ref018],[@pone.0236370.ref019],[@pone.0236370.ref023]\].

For this study we examined the following three AEs not present on admission which occur frequently in hospitals and are considered to be sensitive to nursing care \[[@pone.0236370.ref004],[@pone.0236370.ref006]\]: pressure ulcers (at any stage), falls (with or without visible injuries) and aspiration pneumonia (pneumonitis due to inhalation of food or vomit).

Care complexity individual factors are a set of characteristics related to different health dimensions that may complicate care delivery \[[@pone.0236370.ref018]\] and may contribute to adverse outcomes. CCIF are classified into five domains: (i) mental-cognitive, (ii) psycho-emotional, (iii) sociocultural, (iv) developmental, and (v) comorbidity/complications. Each CCIF domain is structured into factors and specifications. Nurses assessed patients at admission and on an ongoing basis in order to monitor changes in clinical status. Non-modifiable CCIF (i.e., extreme age) were collected solely at admission, while modifiable CCFI (i.e., hemodynamic instability) were collected for every patient day from admission to discharge. The specifications of CCIF were part of the coded and structured data in the initial and ongoing nursing assessment sections of the electronic health record, as described in the ATIC (Architecture, Terminology, Interface, Information, Nursing and Knowledge) terminology \[[@pone.0236370.ref024]\]. Patients were considered to present CCIF domains if they presented at least one related factor or specification. All data were obtained from patients\' electronic health records and were collected blindly.

The mental-cognitive domain included four factors: (i) agitation, (ii) mental status impairments (confusion, disorientation, stupor, transient loss of consciousness), (iii) impaired cognitive functions (intellectual disability, amnesia) and (iv) perception of reality disorders (delirium, hallucinations, disconnection from reality). The psycho-emotional domain comprised three factors: (i) aggressive behavior, (ii) fear/anxiety and (iii) impaired adaptation (disruptive behavior, hopelessness or surrender). The sociocultural domain included four factors: (i) language barriers, (ii) social exclusion (extreme poverty), (iii) belief conflict (spiritual distress), (iv) lack of caregiver support. The developmental domain encompassed two factors: (i) old age (≥75 years old) and (ii) adolescence (17--19 years old). Finally, the comorbidity/complications domain contained 15 factors: (i) major chronic disease, (ii) hemodynamic instability (intensive control of vital signs or state of shock), (iii) high risk of hemorrhage (coagulation disorders, thrombocytopenia, anticoagulant therapy), (iv) communication disorders (aphasia, dysphasia, dysarthria, laryngectomy, tracheostomy), (v) urinary or fecal incontinence, (vi) vascular fragility (capillary fragility, tortuous veins), (vii) position impairment, (viii) involuntary movements (continuous involuntary movements), (ix) extreme weight (low weight, obesity), (x) dehydration (skin turgor), (xi) edema, (xii) uncontrolled pain (verbal numerical rating scale above three points), (xiii) transmissible infections (isolation measures), (xiv) immunosuppression and (xv) anatomical and functional disorders (amputation, deformities, joint stiffness).

Data analyses {#sec009}
-------------

Descriptive analysis of data using percentage frequencies, median and interquartile range was performed to describe patients' demographic and clinical characteristics and their outcomes. For categorical variables, a comparative analysis for detecting significant differences between groups was carried out using the chi-square test or Fisher's exact test when one or more cells had an expected frequency of five or less. For continuous variables, the Student's t-test or Mann-Whitney U test was used depending on the results of the Kolmogorov-Smirnov normality test. The logistic-regression model of factors potentially associated with AEs and in-hospital mortality included the 28 CCIF and possible confounders (gender, length of stay, high-tech hospital, and medical ward). A logistic-regression model of each AE was also performed. All the 28 CCIF and potential confounders included in the multivariate analyses were subjected to a correlation matrix for analysis of collinearity. The number of variables included in the multivariate analysis was restricted following the rule that there should be at least ten events per variable \[[@pone.0236370.ref025]\]. The discriminatory power was evaluated by the area under the receiver operating characteristic (ROC AUC) and its 95% confidence interval (CI). An AUC of 0.5 indicates that the model has a predictive discrimination no better than chance, whereas an AUC of 1.0 indicates a perfectly discriminating model. Commonly, an AUC of 0.5--0.7 is interpreted as a model with low discriminatory power, 0.7--0.9 moderate and \> 0.9 high discriminatory power. The results of the multivariate analyses were reported as odds ratios (OR) and 95% confidence intervals (CI). Finally, the individual risk of each patient's outcome according to the number of CCIF was assessed by means of a chi-square analysis for linear trends. P values less than 0.05 were considered statistically significant. All reported p values are two-tailed. Statistical analysis was performed using the SPSS software package version 25.0 (SPSS, Chicago, IL).

Results {#sec010}
=======

During the study period, 183,677 adult patients were admitted to a hospital ward or step-down unit. Adverse events recorded in 3,973 (2.2%) patients during hospitalization (1,673 \[0.9%\] pressure ulcers; 1,217 \[0.7%\] falls and 1,236 \[0.7%\] episodes of aspiration pneumonia). The frequency of in-hospital mortality was 2.2% (3,996 patients). Half of the patients were male, admitted to medical wards, in high-tech hospitals and with unscheduled admission. Just over 7% were admitted to step-down units and nearly 6% to ICUs. The median hospital stay was four days, and 26% of patients had a high risk of severity or mortality (APR-GRD 3--4) ([Table 1](#pone.0236370.t001){ref-type="table"}).

10.1371/journal.pone.0236370.t001

###### Baseline characteristics of adult patients according to adverse events and in-hospital mortality.

![](pone.0236370.t001){#pone.0236370.t001g}

  Characteristic                                             Study population n = 183,677   No adverse event n = 179,704 (97.8)   Adverse event n = 3,973 (2.2)   Pressure ulcer n = 1,673 (0.9)   Falls n = 1,217(0.7)   Aspiration pneumonia n = 1,236 (0.7)   In-hospital mortality n = 3,996 (2.2)                                                          
  ---------------------------------------------------------- ------------------------------ ------------------------------------- ------------------------------- -------------------------------- ---------------------- -------------------------------------- --------------------------------------- ---------- ----- ---------- ------- ---------- ------- ----------
  Age (years)\_median (IQR)                                  67                             (53--78)                              66.9                            (52--78)                         76                     (66--84)                               78                                      (68--85)   74    (64--82)   77      (62--85)   80.7    (71--87)
  Age ≥ 75 years                                             58,005                         (31.6)                                55,823                          (31.1)                           2,182                  (54.9)                                 994                                     (59.4)     623   (51.2)     682     (55.2)     2,652   (66.4)
  Male sex                                                   102,764                        (55.9)                                100,426                         (55.9)                           2,338                  (58.8)                                 943                                     (56.4)     752   (61.8)     744     (60.2)     2,306   (57.7)
  Medical ward                                               96,058                         (52.3)                                93,301                          (51.9)                           2,757                  (69.4)                                 1,092                                   (65.3)     815   (67.0)     955     (77.3)     3,222   (80.6)
      Psychiatric ward                                       608                            (0.3)                                 584                             (0.3)                            24                     (0.6)                                  6                                       (0.4)      13    (1.1)      6       (0.5)      2       (0.1)
  Surgical ward                                              87,619                         (47.7)                                86,403                          (48.1)                           1,216                  (30.6)                                 581                                     (34.7)     402   (33.0)     281     (22.7)     774     (19.4)
  Step-down unit                                             13.582                         (7.4)                                 12,894                          (7.2)                            688                    (17.3)                                 296                                     (17.7)     149   (12.2)     268     (21.7)     464     (11.6)
  ICU admission                                              10,894                         (5.9)                                 10,142                          (5.6)                            752                    (18.9)                                 311                                     (18.6)     160   (13.1)     326     (26.4)     680     (17.0)
  Unscheduled admission                                      101,749                        (55.4)                                98,413                          (54.8)                           3,336                  \(84\)                                 1,373                                   (82.1)     938   (77.1)     1,160   (93.9)     3,603   (90.2)
  Length of stay_median (IQR)                                4                              (2--8)                                4                               (2--8)                           14                     (8--25)                                17                                      (10--32)   14    (8--23)    11      (6--19)    6       (3--13)
  High-tech hospital                                         104,264                        (56.8)                                101,663                         (56.6)                           2,601                  (65.5)                                 1,060                                   (63.4)     810   (66.6)     828     (67.0)     2,109   (52.8)
  Continuity of care[^a^](#t001fn002){ref-type="table-fn"}   7.330                          (4.0)                                 6,755                           (3.8)                            575                    (14.5)                                 297                                     (17.8)     102   (8.4)      202     (16.3)     \-      \-
  Relative median weigh of DRG_average (SD)                  1.2                            (1.2)                                 1.2                             (1.1)                            2.3                    (2.7)                                  2.4                                     (3.0)      1.8   (2.1)      2.8     (2.7)      2.2     (2.4)
  Severity or mortality (APR-GRD 3--4)                       48,069                         (26.2)                                45,089                          (25.1)                           2,980                  \(75\)                                 1,250                                   (74.7)     662   (54.4)     1,212   (98.1)     3,510   (87.8)

Abbreviations: IQR, interquartile range; SD, standard deviation; APR-DRG, all patient refined diagnosis-related groups.

^a^ Continuity of care was defined as discharged to another facility.

Patient characteristics {#sec011}
-----------------------

The demographic and clinical characteristics of patients with and without AE and in-hospital mortality are compared in [Table 1](#pone.0236370.t001){ref-type="table"}. Patients with an AE during hospitalization were more often male, older (≥75 years) and more likely to be admitted to a medical ward. They were also more frequently admitted to a high-tech hospital, needed care in step-down units or ICUs, required unscheduled admission and presented longer hospital stay. Likewise, patients who had an AE more often had a higher risk of severity or mortality during hospitalization and needed more continuity of care after discharge. Similar results were found for patients who died during hospitalization. Although patients admitted in high-tech hospitals and surgical wards presented less frequency of in-hospital mortality, compared with patients who had an AE.

CCIF according to AEs and in-hospital mortality {#sec012}
-----------------------------------------------

CCIF in admitted patients with the three selected AEs (pressure ulcers, falls and aspiration pneumonia) and in-hospital mortality are compared in [Table 2](#pone.0236370.t002){ref-type="table"}. Patients with an AE were more likely to have CCIF in the comorbidity/complications, developmental, mental-cognitive, psycho-emotional, and sociocultural domains. Regarding comorbidity/complications, hemodynamic instability, major chronic disease and uncontrolled pain were the most frequent CCIF identified in patients with AEs. In the other domains, the most frequently factors were extreme age (≥75 years old) in the developmental domain, impaired adaptation in the psycho-emotional domain, mental status impairments in the mental-cognitive domain and lack of caregiver support in the sociocultural domain. The only complexity factors that were not associated with AEs were dehydration and language barriers. Similar results were found for all three AEs.

10.1371/journal.pone.0236370.t002

###### Care complexity individual factors of adult hospitalized patients according to adverse events and in-hospital mortality.

![](pone.0236370.t002){#pone.0236370.t002g}

  Care complexity individual domains/factors   Study population   No adverse event   Adverse event   Pressure ulcer                                         Falls       Aspiration pneumonia                                   In-hospital mortality                                                                                                                                                                                                            
  -------------------------------------------- ------------------ ------------------ --------------- ------------------------------------------------------ ----------- ------------------------------------------------------ ----------------------- ------------------------------------------------------ ----------- ------------------------------------------------------ ----------- ------------------------------------------------------ ----------- ------------------------------------------------------
  **Mental-cognitive**                         **12,126**         **(6.6)**          **1,0843**      **(6.0)**[^**a**^](#t002fn002){ref-type="table-fn"}    **1,283**   **(32.3)**[^**a**^](#t002fn002){ref-type="table-fn"}   **527**                 **(31.5)**[^**a**^](#t002fn002){ref-type="table-fn"}   **250**     **(20.5)**[^**a**^](#t002fn002){ref-type="table-fn"}   **575**     **(46.5)**[^**a**^](#t002fn002){ref-type="table-fn"}   **1,488**   **(37.2)**[^**a**^](#t002fn002){ref-type="table-fn"}
      Agitation                                1,628              (0.9)              1,469           (0.8)[^**a**^](#t002fn002){ref-type="table-fn"}        159         (4.0)[^**a**^](#t002fn002){ref-type="table-fn"}        55                      (3.3)[^**a**^](#t002fn002){ref-type="table-fn"}        44          (3.6)[^**a**^](#t002fn002){ref-type="table-fn"}        73          (5.9)[^**a**^](#t002fn002){ref-type="table-fn"}        143         (3.6)[^**a**^](#t002fn002){ref-type="table-fn"}
      Mental status impairments                10,924             (5.9)              9,719           (5.4)[^**a**^](#t002fn002){ref-type="table-fn"}        1,205       (30.3)[^**a**^](#t002fn002){ref-type="table-fn"}       503                     (30.1)[^**a**^](#t002fn002){ref-type="table-fn"}       229         (18.8)[^**a**^](#t002fn002){ref-type="table-fn"}       537         (43.4)[^**a**^](#t002fn002){ref-type="table-fn"}       1,425       (35.7)[^**a**^](#t002fn002){ref-type="table-fn"}
      Impaired cognitive functions             437                (0.2)              413             (0.2)[^**a**^](#t002fn002){ref-type="table-fn"}        24          (0.6)[^**a**^](#t002fn002){ref-type="table-fn"}        8                       (0.5)                                                  2           (0.2)                                                  14          (1.1)[^**a**^](#t002fn002){ref-type="table-fn"}        8           (0.2)
      Perception of reality disorders          437                (0.2)              401             (0.2)[^**a**^](#t002fn002){ref-type="table-fn"}        36          (0.9)[^**a**^](#t002fn002){ref-type="table-fn"}        25                      (1.5)[^**a**^](#t002fn002){ref-type="table-fn"}        6           (0.5)[^**a**^](#t002fn002){ref-type="table-fn"}        7           (0.6)[^**b**^](#t002fn003){ref-type="table-fn"}        30          (0.8)[^**a**^](#t002fn002){ref-type="table-fn"}
  **Psycho-emotional**                         **21,347**         **(11.6)**         **20,276**      **(11.3)**[^**a**^](#t002fn002){ref-type="table-fn"}   **1,071**   **(27.0)**[^**a**^](#t002fn002){ref-type="table-fn"}   **417**                 **(24.9)**[^**a**^](#t002fn002){ref-type="table-fn"}   **287**     **(23.6)**[^**a**^](#t002fn002){ref-type="table-fn"}   **418**     **(33.8)**[^**a**^](#t002fn002){ref-type="table-fn"}   **948**     **(23.7)**[^**a**^](#t002fn002){ref-type="table-fn"}
      Aggressive behavior                      553                (0.3)              511             (0.3)[^**a**^](#t002fn002){ref-type="table-fn"}        42          (1.1)[^**a**^](#t002fn002){ref-type="table-fn"}        19                      (1.1)[^**a**^](#t002fn002){ref-type="table-fn"}        8           (0.7)[^**b**^](#t002fn003){ref-type="table-fn"}        17          (1.4)[^**a**^](#t002fn002){ref-type="table-fn"}        17          (0.4)
      Fear/anxiety                             14.650             \(8\)              14,094          (7.8)[^**a**^](#t002fn002){ref-type="table-fn"}        556         (14)[^**a**^](#t002fn002){ref-type="table-fn"}         206                     (12.3)[^**a**^](#t002fn002){ref-type="table-fn"}       174         (14.3)[^**a**^](#t002fn002){ref-type="table-fn"}       199         (16.1)[^**a**^](#t002fn002){ref-type="table-fn"}       430         (10.8)[^**a**^](#t002fn002){ref-type="table-fn"}
      Impaired adaptation                      8,436              (4.6)              7,795           (4.3)[^**a**^](#t002fn002){ref-type="table-fn"}        641         (16.1)[^**a**^](#t002fn002){ref-type="table-fn"}       253                     (15.1)[^**a**^](#t002fn002){ref-type="table-fn"}       151         (12.4)[^**a**^](#t002fn002){ref-type="table-fn"}       270         (21.8)[^**a**^](#t002fn002){ref-type="table-fn"}       600         (15)[^**a**^](#t002fn002){ref-type="table-fn"}
  **Sociocultural**                            **6,308**          **(3.4)**          **5,853**       **(3.3)**[^**a**^](#t002fn002){ref-type="table-fn"}    **455**     **(11.5)**[^**a**^](#t002fn002){ref-type="table-fn"}   **189**                 **(11.3)**[^**a**^](#t002fn002){ref-type="table-fn"}   **125**     **(10.3)**[^**a**^](#t002fn002){ref-type="table-fn"}   **167**     **(13.5)**[^**a**^](#t002fn002){ref-type="table-fn"}   **433**     **(10.8)**[^**a**^](#t002fn002){ref-type="table-fn"}
      Language barriers                        759                (0.4)              748             (0.4)                                                  11          (0.3)                                                  1                       (0.1)[^**b**^](#t002fn003){ref-type="table-fn"}        8           (0.7)                                                  3           (0.2)                                                  9           (0.2)
      Social exclusion                         145                (0.1)              135             (0.1)[^**a**^](#t002fn002){ref-type="table-fn"}        10          (0.3)[^**a**^](#t002fn002){ref-type="table-fn"}        2                       (0.1)[^**b**^](#t002fn003){ref-type="table-fn"}        4           (0.3)[^**b**^](#t002fn003){ref-type="table-fn"}        5           (0.4)[^**b**^](#t002fn003){ref-type="table-fn"}        5           (0.1)
      Belief conflict                          173                (0.1)              162             (0.1)[^**a**^](#t002fn002){ref-type="table-fn"}        11          (0.3)[^**a**^](#t002fn002){ref-type="table-fn"}        5                       (0.3)                                                  4           (0.3)                                                  2           (0.2)                                                  10          (0.3)[^**b**^](#t002fn003){ref-type="table-fn"}
      Lack of caregiver support                5,461              \(3\)              5,022           (2.8)[^**a**^](#t002fn002){ref-type="table-fn"}        439         \(11\) [^**a**^](#t002fn002){ref-type="table-fn"}      184                     (11.0)[^**a**^](#t002fn002){ref-type="table-fn"}       118         (9.7)[^**a**^](#t002fn002){ref-type="table-fn"}        163         (11.0)[^**a**^](#t002fn002){ref-type="table-fn"}       418         (10.5)[^**a**^](#t002fn002){ref-type="table-fn"}
  **Developmental**                            **59,069**         **(32.2)**         **56,879**      **(31.7)**[^**a**^](#t002fn002){ref-type="table-fn"}   **2,190**   **(55.1)**[^**a**^](#t002fn002){ref-type="table-fn"}   **997**                 **(59.6)**[^**a**^](#t002fn002){ref-type="table-fn"}   **597**     **(49.1)**[^**a**^](#t002fn002){ref-type="table-fn"}   **685**     **(55.4)**[^**a**^](#t002fn002){ref-type="table-fn"}   **2,653**   **(66.4)**[^**a**^](#t002fn002){ref-type="table-fn"}
      Old age (≥75 years)                      58,005             (31.6)             55,823          (31.1)[^**a**^](#t002fn002){ref-type="table-fn"}       2,182       (54.9)[^**a**^](#t002fn002){ref-type="table-fn"}       994                     (59.4)[^**a**^](#t002fn002){ref-type="table-fn"}       594         (48.8)[^**a**^](#t002fn002){ref-type="table-fn"}       682         (55.2)[^**a**^](#t002fn002){ref-type="table-fn"}       2,652       (66.4)[^**a**^](#t002fn002){ref-type="table-fn"}
      Adolescence (17--19 years)               1,064              (0.6)              1,056           (0.6) [^**a**^](#t002fn002){ref-type="table-fn"}       8           (0.2)[^**a**^](#t002fn002){ref-type="table-fn"}        3                       (0.2)[^**b**^](#t002fn003){ref-type="table-fn"}        3           (0.2)                                                  3           (0.2)                                                  1           (0.0)[^**a**^](#t002fn002){ref-type="table-fn"}
  **Comorbidity/complications**                **155,547**        **(84.7)**         **151,717**     **(84.4)**[^**a**^](#t002fn002){ref-type="table-fn"}   **3,830**   **(96.4)**[^**a**^](#t002fn002){ref-type="table-fn"}   **1,636**               **(97.8)**[^**a**^](#t002fn002){ref-type="table-fn"}   **1,167**   **(95.9)**[^**a**^](#t002fn002){ref-type="table-fn"}   **1,178**   **(95.3)**[^**a**^](#t002fn002){ref-type="table-fn"}   **3,902**   **(97.6)**[^**a**^](#t002fn002){ref-type="table-fn"}
      Major chronic disease                    76,869             (41.9)             74,788          (41.6)[^**a**^](#t002fn002){ref-type="table-fn"}       2,081       (52.4)[^**a**^](#t002fn002){ref-type="table-fn"}       911                     (54.5)[^**a**^](#t002fn002){ref-type="table-fn"}       660         (54.2)[^**a**^](#t002fn002){ref-type="table-fn"}       589         (47.7)[^**a**^](#t002fn002){ref-type="table-fn"}       1,772       (69.4)[^**a**^](#t002fn002){ref-type="table-fn"}
      Hemodynamic instability                  110,309            (60.1)             107,094         (59.6)[^**a**^](#t002fn002){ref-type="table-fn"}       3,215       (80.9)[^**a**^](#t002fn002){ref-type="table-fn"}       1,370                   (81.9)[^**a**^](#t002fn002){ref-type="table-fn"}       1,003       (82.4)[^**a**^](#t002fn002){ref-type="table-fn"}       977         (79.0)[^**a**^](#t002fn002){ref-type="table-fn"}       2,910       (72.8)[^**a**^](#t002fn002){ref-type="table-fn"}
      High-risk of hemorrhage                  4,233              (2.3)              4,117           (2.3)[^**b**^](#t002fn003){ref-type="table-fn"}        116         (2.9)[^**b**^](#t002fn003){ref-type="table-fn"}        44                      (2.6)                                                  45          (3.7)[^**b**^](#t002fn003){ref-type="table-fn"}        32          (2.6)                                                  122         (3.1)[^**b**^](#t002fn003){ref-type="table-fn"}
      Communication disorders                  7,524              (4.1)              6,737           (3.7)[^**a**^](#t002fn002){ref-type="table-fn"}        787         (19.8)[^**a**^](#t002fn002){ref-type="table-fn"}       283                     (16.9)[^**a**^](#t002fn002){ref-type="table-fn"}       133         (10.9)[^**a**^](#t002fn002){ref-type="table-fn"}       411         (33.3)[^**a**^](#t002fn002){ref-type="table-fn"}       720         (18.0)[^**a**^](#t002fn002){ref-type="table-fn"}
      Urinary or fecal incontinence            14,381             (7.8)              13,326          (7.4)[^**a**^](#t002fn002){ref-type="table-fn"}        1,055       (26.6)[^**a**^](#t002fn002){ref-type="table-fn"}       519                     (31.0)[^**a**^](#t002fn002){ref-type="table-fn"}       200         (16.4)[^**a**^](#t002fn002){ref-type="table-fn"}       384         (31.1)[^**a**^](#t002fn002){ref-type="table-fn"}       1,114       (27.9)[^**a**^](#t002fn002){ref-type="table-fn"}
      Vascular fragility                       3,937              (2.1)              3,670           (2.0)[^**a**^](#t002fn002){ref-type="table-fn"}        267         (6.7)[^**a**^](#t002fn002){ref-type="table-fn"}        139                     (8.3)[^**a**^](#t002fn002){ref-type="table-fn"}        60          (4.9)[^**a**^](#t002fn002){ref-type="table-fn"}        79          (6.4)[^**a**^](#t002fn002){ref-type="table-fn"}        396         (9.9)[^**a**^](#t002fn002){ref-type="table-fn"}
      Position impairment                      5,291              (2.9)              4,932           (2.7)[^**a**^](#t002fn002){ref-type="table-fn"}        359         (9.0)[^**a**^](#t002fn002){ref-type="table-fn"}        196                     (11.7)[^**a**^](#t002fn002){ref-type="table-fn"}       77          (6.3)[^**a**^](#t002fn002){ref-type="table-fn"}        111         (9.0)[^**a**^](#t002fn002){ref-type="table-fn"}        293         (7.3)[^**a**^](#t002fn002){ref-type="table-fn"}
      Involuntary movements                    842                (0.5)              780             (0.4)[^**a**^](#t002fn002){ref-type="table-fn"}        62          (1.6)[^**a**^](#t002fn002){ref-type="table-fn"}        24                      (1.4)[^**a**^](#t002fn002){ref-type="table-fn"}        14          (1.2)[^**b**^](#t002fn003){ref-type="table-fn"}        30          (2.4)[^**a**^](#t002fn002){ref-type="table-fn"}        43          (1.1)[^**a**^](#t002fn002){ref-type="table-fn"}
      Extreme weight                           8,322              (4.5)              7,990           (4.4)[^**a**^](#t002fn002){ref-type="table-fn"}        332         (8.4)[^**a**^](#t002fn002){ref-type="table-fn"}        190                     (11.4)[^**a**^](#t002fn002){ref-type="table-fn"}       59          (4.8)                                                  100         (8.1)[^**a**^](#t002fn002){ref-type="table-fn"}        339         (8.5)[^**a**^](#t002fn002){ref-type="table-fn"}
      Dehydration                              99                 (0.1)              96              (0.1)                                                  3           (0.1)                                                  1                       (0.1)                                                  1           (0.1)                                                  1           (0.1)                                                  17          (0.4)[^**a**^](#t002fn002){ref-type="table-fn"}
      Edema                                    1,775              \(1\)              1,686           (0.9)[^**a**^](#t002fn002){ref-type="table-fn"}        89          (2.2)[^**a**^](#t002fn002){ref-type="table-fn"}        52                      (3.1)[^**a**^](#t002fn002){ref-type="table-fn"}        22          (1.8)[^**b**^](#t002fn003){ref-type="table-fn"}        20          (1.6)[^**b**^](#t002fn003){ref-type="table-fn"}        154         (3.9)[^**a**^](#t002fn002){ref-type="table-fn"}
      Uncontrolled pain                        49,332             (26.9)             47,742          (26.6)[^**a**^](#t002fn002){ref-type="table-fn"}       1,590       (40)[^**a**^](#t002fn002){ref-type="table-fn"}         755                     (45.1)[^**a**^](#t002fn002){ref-type="table-fn"}       539         (44.3)[^**a**^](#t002fn002){ref-type="table-fn"}       367         (29.7)[^**b**^](#t002fn003){ref-type="table-fn"}       1,388       (34.7)[^**a**^](#t002fn002){ref-type="table-fn"}
      Transmissible infection                  6,024              (3.3)              5,526           (3.1)[^**a**^](#t002fn002){ref-type="table-fn"}        498         (12.5)[^**a**^](#t002fn002){ref-type="table-fn"}       317                     (18.9)[^**a**^](#t002fn002){ref-type="table-fn"}       115         (9.4)[^**a**^](#t002fn002){ref-type="table-fn"}        96          (7.8)[^**a**^](#t002fn002){ref-type="table-fn"}        276         (6.9)[^**a**^](#t002fn002){ref-type="table-fn"}
      Immunosuppression                        889                (0.5)              860             (0.5)[^**b**^](#t002fn003){ref-type="table-fn"}        29          (0.7)[^**b**^](#t002fn003){ref-type="table-fn"}        5                       (0.3)                                                  15          (1.2)[^**b**^](#t002fn003){ref-type="table-fn"}        9           (0.7)                                                  23          (0.6)
      Anatomical and functional disorders      18,663             (10.2)             17,963          (10.0)[^**a**^](#t002fn002){ref-type="table-fn"}       700         (17.6)[^**a**^](#t002fn002){ref-type="table-fn"}       360                     (21.5)[^**a**^](#t002fn002){ref-type="table-fn"}       189         (15.5)[^**a**^](#t002fn002){ref-type="table-fn"}       179         (14.5)[^**a**^](#t002fn002){ref-type="table-fn"}       557         (13.9)[^**a**^](#t002fn002){ref-type="table-fn"}
  CCIF, median (IQR)                           2                  (1--3)             2               (1--3)[^**a**^](#t002fn002){ref-type="table-fn"}       4           (3--5)[^**a**^](#t002fn002){ref-type="table-fn"}       4                       (3--6)[^**a**^](#t002fn002){ref-type="table-fn"}       3           (2--5)[^**a**^](#t002fn002){ref-type="table-fn"}       4           (3--6)[^**a**^](#t002fn002){ref-type="table-fn"}       4           (3--5)[^**a**^](#t002fn002){ref-type="table-fn"}
      CCIF = 1                                 45,960             \(25\)             45,709          (25.4)[^**a**^](#t002fn002){ref-type="table-fn"}       251         (6.3)[^**a**^](#t002fn002){ref-type="table-fn"}        81                      (4.8)[^**a**^](#t002fn002){ref-type="table-fn"}        87          (7.1)[^**a**^](#t002fn002){ref-type="table-fn"}        87          (7.0)[^**a**^](#t002fn002){ref-type="table-fn"}        168         (4.2)[^**a**^](#t002fn002){ref-type="table-fn"}
      CCIF = 2 or 3                            83,869             (45.7)             82,463          (45.9)[^**a**^](#t002fn002){ref-type="table-fn"}       1,406       (35.4)[^**a**^](#t002fn002){ref-type="table-fn"}       540                     (32.3)[^**a**^](#t002fn002){ref-type="table-fn"}       545         (44.8)                                                 364         (29.4)[^**a**^](#t002fn002){ref-type="table-fn"}       1,376       (34.4)[^**a**^](#t002fn002){ref-type="table-fn"}
      CCIF ≥ 4                                 33,140             \(18\)             30,890          (17.2)[^**a**^](#t002fn002){ref-type="table-fn"}       2,250       (56.6)[^**a**^](#t002fn002){ref-type="table-fn"}       1,035                   (61.9)[^**a**^](#t002fn002){ref-type="table-fn"}       561         (46.1)[^**a**^](#t002fn002){ref-type="table-fn"}       760         (61.5)[^**a**^](#t002fn002){ref-type="table-fn"}       2,432       (60.9)[^**a**^](#t002fn002){ref-type="table-fn"}

Abbreviations: IQR, interquartile range. CCIF, care complexity individual factors.

^a^ p value ≤0.001.

^b^ p value \>0.001 and \<0.05.

Moreover, several factors from the comorbidity/complication, developmental and mental-cognitive domains were more frequent in patients who died during hospitalization than in patients who experienced an AE. These factors were major chronic disease, old age, mental status impairments, urinary or fecal incontinence, vascular fragility, extreme weight, edema, high-risk of hemorrhage and dehydration.

Of the 183,677 patients analyzed in this study, 117,009 (63.7%) had two or more individual complexity factors. AEs and in-hospital mortality were more frequently identified in patients with at least four CCIF. Four or more CCIF were identified in 2,250 patients with an AE (56.6%) and in 2,432 patients who died during hospitalization (60.9%). The frequency of AEs rose with the increasing number of CCIF and reached almost 10% in patients with six complexity factors. Similarly, the frequency of in-hospital mortality was close to 11% in patients with six complexity factors (chi-squared for trend P \< .001) ([Fig 1](#pone.0236370.g001){ref-type="fig"}).

![Proportions of AE and in-hospital mortality according to the number of care complexity individual factors.](pone.0236370.g001){#pone.0236370.g001}

Risk factors associated with AEs and in-hospital mortality {#sec013}
----------------------------------------------------------

The results of the multivariate logistic regression analysis for all CCIF and other clinical characteristics potentially associated with AEs and in-hospital mortality are summarized in [Table 3](#pone.0236370.t003){ref-type="table"}. Factors from all five domains were associated with AEs and in-hospital mortality.

10.1371/journal.pone.0236370.t003

###### Multivariate analysis of care complexity individual factors of adult hospitalized patients associated with adverse events and in-hospital mortality.

![](pone.0236370.t003){#pone.0236370.t003g}

  Care complexity individual factors        Adverse event[^a^](#t003fn002){ref-type="table-fn"}   Pressure ulcer[^b^](#t003fn003){ref-type="table-fn"}   Falls[^c^](#t003fn004){ref-type="table-fn"}   Aspiration pneumonia[^d^](#t003fn005){ref-type="table-fn"}   In-hospital mortality[^e^](#t003fn006){ref-type="table-fn"}                                                                                                   
  ----------------------------------------- ----------------------------------------------------- ------------------------------------------------------ --------------------------------------------- ------------------------------------------------------------ ------------------------------------------------------------- --------- ------ -------------- --------- ------ -------------- --------- ------ -------------- ---------
  **Mental-cognitive**                                                                                                                                                                                                                                                                                                                                                                                                            
      Agitation                             1.14                                                  (0.93--1.38)                                           0.20                                          0.91                                                         (0.67--1.25)                                                  0.57      1.36   (0.98--1.91)   0.07      1.20   (0.91--1.58)   0.20      1.10   (0.90--1.34)   0.35
      Mental status impairments             2.56                                                  (2.33--2.81)                                           \<0.001                                       2.30                                                         (2.00--2.65)                                                  \<0.001   1.68   (1.40--2.02)   \<0.001   3.79   (3.24--4.43)   \<0.001   3.83   (3.50--4.18)   \<0.001
      Impaired cognitive functions          1.53                                                  (0.98--2.39)                                           0.06                                          \-                                                           \-                                                            \-        \-     \-             \-        2.02   (1.14--3.60)   0.02      \-     \-             \-
      Perception of reality disorders       0.79                                                  (0.53--1.17)                                           0.23                                          1.71                                                         (1.06--2.74)                                                  0.02      \-     \-             \-        \-     \-             \-        0.85   (0.57--1.28)   0.45
  **Psycho-emotional**                                                                                                                                                                                                                                                                                                                                                                                                            
      Aggressive behavior                   0.88                                                  (0.61--1.26)                                           0.47                                          1.09                                                         (0.65--1.83)                                                  0.75      \-     \-             \-        0.83   (0.49--1.41)   0.49      0.36   (0.21--0.59)   \<0.001
      Fear/anxiety                          1.04                                                  (0.94--1.15)                                           0.49                                          0.86                                                         (0.73--1.01)                                                  0.07      1.26   (1.06--1.50)   0.01      0.97   (0.82--1.15)   0.75      0.79   (0.70--0.88)   \<0.001
      Impaired adaptation                   1.36                                                  (1.23--1.52)                                           \<0.001                                       1.17                                                         (1.00--1.38)                                                  0.05      1.40   (1.15--1.70)   0.001     1.53   (1.31--1.80)   \<0.001   1.21   (1.09--1.35)   \<0.001
  **Sociocultural**                                                                                                                                                                                                                                                                                                                                                                                                               
      Language barriers                     0.70                                                  (0.38--1.30)                                           0.26                                          \-                                                           \-                                                            \-        \-     \-             \-        \-     \-             \-        \-     \-             \-
      Social exclusion                      1.46                                                  (0.72--2.97)                                           0.29                                          \-                                                           \-                                                            \-        \-     \-             \-        \-     \-             \-        \-     \-             \-
      Belief conflict                       1.21                                                  (0.63--2.33)                                           0.57                                          \-                                                           \-                                                            \-        \-     \-             \-        \-     \-             \-        1.36   (0.69--2.68)   0.37
      Lack of caregiver support             1.40                                                  (1.24--1.58)                                           \<0.001                                       1.39                                                         (1.16--1.66)                                                  \<0.001   1.58   (1.28--1.96)   \<0.001   1.26   (1.04--1.51)   0.02      1.34   (1.19--1.51)   \<0.001
  **Developmental**                                                                                                                                                                                                                                                                                                                                                                                                               
      Old age (≥75 years)                   1.91                                                  (1.78--2.06)                                           \<0.001                                       2.36                                                         (2.11--2.64)                                                  \<0.001   1.69   (1.49--1.91)   \<0.001   1.54   (1.36--1.75)   \<0.001   2.37   (2.20--2.55)   \<0.001
      Adolescence (17--19 years)            \-                                                    \-                                                     \-                                            \-                                                           \-                                                            \-        \-     \-             \-        \-     \-             \-        \-     \-             \-
  **Comorbidity/complications**                                                                                                                                                                                                                                                                                                                                                                                                   
      Major chronic disease                 1.15                                                  (1.07--1.23)                                           \<0.001                                       1.23                                                         (1.11--1.37)                                                  \<0.001   1.28   (1.14--1.44)   \<0.001   0.99   (0.88--1.11)   0.87      2.27   (2.12--2.44)   \<0.001
      Hemodynamic instability               1.75                                                  (1.61--1.90)                                           \<0.001                                       1.76                                                         (1.54--2.00)                                                  \<0.001   2.15   (1.85--2.51)   \<0.001   1.69   (1.46--1.95)   \<0.001   1.36   (1.26--1.46)   \<0.001
      High-risk of hemorrhage               1.03                                                  (0.84--1.26)                                           0.77                                          0.90                                                         (0.66--1.24)                                                  0.52      1.34   (0.99--1.81)   0.06      0.88   (0.62--1.27)   0.51      1.01   (0.84--1.22)   0.91
      Communication disorders               1.88                                                  (1.70--2.08)                                           \<0.001                                       1.36                                                         (1.16--1.60)                                                  \<0.001   1.14   (0.92--1.40)   0.22      3.11   (2.68--3.60)   \<0.001   1.80   (1.62--2.00)   \<0.001
      Urinary or fecal incontinence         1.60                                                  (1.46--1.75)                                           \<0.001                                       1.95                                                         (1.71--2.22)                                                  \<0.001   1.11   (0.93--1.33)   0.25      1.48   (1.28--1.72)   \<0.001   1.42   (1.30--1.55)   \<0.001
      Vascular fragility                    1.22                                                  (1.06--1.42)                                           0.007                                         1.30                                                         (1.07--1.59)                                                  0.01      1.12   (0.85--1.48)   0.43      1.07   (0.83--1.37)   0.61      1.85   (1.64--2.10)   \<0.001
      Position impairment                   1.30                                                  (1.14--1.48)                                           \<0.001                                       1.57                                                         (1.32--1.87)                                                  \<0.001   1.16   (0.90--1.50)   0.25      1.12   (0.90--1.39)   0.32      1.06   (0.92--1.22)   0.41
      Involuntary movements                 1.25                                                  (0.93--1.69)                                           0.13                                          1.01                                                         (0.63--1.62)                                                  0.96      1.01   (0.59--1.90)   0.86      1.51   (1.01--2.27)   0.04      0.94   (0.67--1.31)   0.70
      Extreme weight                        1.18                                                  (1.04--1.34)                                           0.009                                         1.69                                                         (1.43--2.00)                                                  \<0.001   0.73   (0.56--0.96)   0.02      1.02   (0.82--1.27)   0.83      1.17   (1.04--1.33)   0.01
      Dehydration                           \-                                                    \-                                                     \-                                            \-                                                           \-                                                            \-        \-     \-             \-        \-     \-             \-        2.25   (1.26--4.02)   0.006
      Edema                                 1.13                                                  (0.89--1.43)                                           0.32                                          1.40                                                         (1.03--1.90)                                                  0.03      1.01   (0.66--1.58)   0.95      0.89   (0.56--1.41)   0.62      1.73   (1.44--2.01)   \<0.001
      Uncontrolled pain                     1.40                                                  (1.31--1.51)                                           \<0.001                                       1.61                                                         (1.44--1.79)                                                  \<0.001   1.74   (1.54--1.96)   \<0.001   1.07   (0.94--1.22)   0.32      1.62   (1.51--1.74)   \<0.001
      Transmissible infection               1.53                                                  (1.36--1.72)                                           \<0.001                                       2.33                                                         (2.00--2.70)                                                  \<0.001   1.21   (0.97--1.51)   0.09      1.00   (0.79--1.27)   0.97      1.01   (0.88--1.16)   0.84
      Immunosuppression                     1.33                                                  (0.90--1.98)                                           0.15                                          \-                                                           \-                                                            \-        2.17   (1.30--3.68)   0.004     \-     \-             \-        1.30   (0.85--2.00)   0.23
      Anatomical and functional disorders   1.23                                                  (1.12--1.35)                                           \<0.001                                       1.39                                                         (1.22--1.60)                                                  \<0.001   1.25   (1.06--1.48)   0.009     0.93   (0.78--1.10)   0.38      0.88   (0.80--0.98)   0.01
  Male sex                                  1.23                                                  (1.15--1.32)                                           \<0.001                                       1.14                                                         (1.02--1.26)                                                  0.02      1.32   (1.17--1.49)   \<0.001   1.34   (1.19--1.51)   \<0.001   1.24   (1.16--1.32)   \<0.001
  High-tech hospital                        1.28                                                  (1.19--1.37)                                           \<0.001                                       1.10                                                         (0.99--1.22)                                                  0.09      1.36   (1.20--1.53)   \<0.001   1.47   (1.30--1.66)   \<0.001   0.89   (0.83--0.95)   \<0.001
  Medical ward                              1.72                                                  (1.59--1.86)                                           \<0.001                                       1.36                                                         (1.21--1.53)                                                  \<0.001   1.65   (1.45--1.88)   \<0.001   2.24   (1.94--2.59)   \<0.001   2.33   (2.15--2.54)   \<0.001
  Length of stay                            1.04                                                  (1.04--1.05)                                           \<0.001                                       1.04                                                         (1.04--1.04)                                                  \<0.001   1.02   (1.02--1.03)   \<0.001   1.02   (1.02--1.02)   \<0.001   1.02   (1.01--1.02)   \<0.001

Abbreviations: OR, odds ratio; CI, confidence interval.

^a^ The area under ROC curve of the AEs model was 0.82 (95% IC 0.82--0.83). Multivariate analysis included: all the 28-CCIF (except adolescence), and possible confounders (male sex, high-tech hospital, medical ward and length of stay).

^b^ The area under ROC curve of the pressure ulcer model was 0.88 (95% IC 0.87--0.89). Multivariate analysis included: all the 28-CCIF (except: impaired cognitive functions, language barriers, social exclusion, belief conflict, adolescence, dehydration and immunosuppression), and possible confounders (male sex, high-tech hospital, medical ward and length of stay).

^c^ The area under ROC curve of the falls model was 0.76 (95% IC 0.74--0.77). Multivariate analysis included: all the 28-CCIF (except: impaired cognitive functions, perception of reality disorders, aggressive behavior, language barriers, social exclusion, belief conflict, adolescence and dehydration), and possible confounders (male sex, high-tech hospital, medical ward and length of stay).

^d^ The area under ROC curve of the aspiration pneumonia model was 0.77 (95% IC 0.75--0.78). Multivariate analysis included: all the 28-CCIF (except: perception of reality disorders, language barriers, social exclusion, belief conflict, adolescence, dehydration and immunosuppression), and possible confounders (male sex, high-tech hospital, medical ward and length of stay).

^e^ The area under ROC curve of the in-hospital mortality model was 0.79 (95% IC 0.78--0.79). Multivariate analysis included: all the 28-CCIF (except: impaired cognitive functions, language barriers, social exclusion and adolescence), and possible confounders (male sex, high-tech hospital, medical ward and length of stay).

After adjustment for potential confounders (gender, length of stay, hospital level, and medical ward), multivariate logistic regression analysis of AEs showed independent associations with impaired mental status, impaired adaptation, lack of caregiver support, old age, major chronic disease, hemodynamic instability, communication disorders, urinary or fecal incontinence, vascular fragility, position impairment, extreme weight, uncontrolled pain, transmissible infection, anatomical and functional disorders, male sex, length of hospital stay, admission to a medical ward and to a high-tech hospital. The area under the ROC curve was 0.82 (95% confidence interval \[CI\]: 0.82--0.83).

In the multivariate logistic regression of individual AEs, pressure ulcer obtained similar results, including perception of reality disorders and edema as risk factors. The area under the ROC curve was 0.88 (95% CI: 0.87--0.89).

Regarding falls, fear/anxiety and immunosuppression were additional independent factors (area under the ROC curve 0.76 \[95% CI: 0.74--0.77\]).

Both involuntary movements and impaired cognitive function were independent risk factors associated with aspiration pneumonia (area under the ROC curve 0.77 \[95% CI: 0.75--0.78\]).

Finally, a multivariate logistic regression of factors associated with in-hospital mortality was performed. In addition to factors previously associated with AEs, dehydration and edema were risk factors independently associated with in-hospital mortality. Moreover, aggressive behavior, fear/anxiety, anatomical and functional disorders and high-tech hospital admission were protective factors associated with in-hospital mortality. The area under the ROC curve was 0.79 (95% CI: 0.78--0.79). The AUC of the five outcomes analyzed were \> 0.75, showing a fair discriminatory power.

Discussion {#sec014}
==========

In this study of a large number of hospitalized patients, we found that a considerable proportion presented one of the AEs studied (pressure ulcer, falls and aspiration pneumonia) or died during hospitalization. The risk factors independently associated with both AE and in-hospital mortality were mental status impairments, impaired adaptation, lack of caregiver support, old age, major chronic disease, hemodynamic instability, communication disorders, urinary or fecal incontinence, vascular fragility, extreme weight, uncontrolled pain, male sex, length of stay and admission to a medical ward. High-tech hospital admission was associated with an increased risk of adverse events and a reduced risk of in-hospital mortality.

Around 2% of patients experienced an AE, a frequency similar to those recorded in previous reports \[[@pone.0236370.ref007],[@pone.0236370.ref011],[@pone.0236370.ref026]--[@pone.0236370.ref029]\]. In addition, 2.2% of patients died during hospitalization, again in line with other studies reporting rates ranging between 1--5% \[[@pone.0236370.ref009],[@pone.0236370.ref030],[@pone.0236370.ref031]\]. Nevertheless, those studies rated the selected AEs in the context of medical conditions and did not account for psychosocial factors.

To the best of our knowledge, this is the first study of CCIF that has included broader health, functional, and psychosocial problems in order to identify the risk factors associated with selected AEs and in-hospital mortality. After adjustment for potential confounders in the multivariate analysis, we found that several CCIF from all domains were associated with AEs and in-hospital mortality.

Mental status impairments, impaired adaptation, lack of caregiver support, old age, major chronic disease, hemodynamic instability, communication disorders, urinary or fecal incontinence, vascular fragility, position impairment, extreme weight, uncontrolled pain, transmissible infection, anatomical and functional disorders, male sex, length of hospital stay, admission to a medical ward and, high-tech hospital were independent factors associated with AEs.

Regarding age, older patients exhibit a higher risk of becoming frail, of presenting comorbidities and experiencing AEs during hospitalization, probably because of their increased care needs \[[@pone.0236370.ref011],[@pone.0236370.ref026],[@pone.0236370.ref032],[@pone.0236370.ref033]\]. A systematic review identified co-morbidity, reduced functional ability and lower quality of care as important causative factors associated with AEs \[[@pone.0236370.ref011]\]. The results of that study coincide with our in identifying old age and major chronic disease as risk factors associated with AEs. Regarding functional ability, our study also identified position impairment and anatomical-functional disorders as independent factors associated with AEs.

Furthermore, previous studies have stressed that frequent patient surveillance and measurement of vital signs are crucial for the early detection of acute deterioration \[[@pone.0236370.ref034]\], and have identified an association between hemodynamic instability and poor outcomes \[[@pone.0236370.ref019],[@pone.0236370.ref035]\]. Therefore, patients with hemodynamic instability or uncontrolled pain \[[@pone.0236370.ref036]\] are probably at a high risk of suffering AEs during hospitalization and require a longer hospital stay.

Similarly, isolated patients are at a higher risk of AEs such as hospital-acquired pressure ulcers \[[@pone.0236370.ref037]\]. Our findings are also consistent with previous studies showing that mental status impairments are associated with hospital-acquired complications \[[@pone.0236370.ref038],[@pone.0236370.ref039]\]. Furthermore, other studies have shown that frail people admitted to hospitals can develop geriatric syndromes, with a higher occurrence of CCIF such as communication disorders, incontinence, vascular fragility or nutritional syndromes \[[@pone.0236370.ref004],[@pone.0236370.ref011],[@pone.0236370.ref040]--[@pone.0236370.ref043]\].

Impaired adaptation, disruptive behaviors, hopelessness or powerlessness may also affect patients' recovery, generating feelings of exclusion, self-blame, frustration or loss of control, and negatively impacting overall health outcomes \[[@pone.0236370.ref019],[@pone.0236370.ref044],[@pone.0236370.ref045]\]. Our study also found that lack of caregiver support during hospitalization was associated with AEs. In this regard, unpaid caregivers such as family members or friends often take on an active caregiver role in hospital to mitigate the risk of functional decline, falls, and hospital-related adverse events \[[@pone.0236370.ref046]\]. Previous studies have shown that psychoeducational interventions aimed at caregivers reduce burden and emotional distress and enhanced caregivers\' perceived social support \[[@pone.0236370.ref047]\]. Future studies should assess the impact of psychosocial interventions and advanced nursing care on patients' and caregivers' health outcomes.

Mental-cognitive factors such as perception of reality disorders and impaired cognition were independently associated with pressure ulcers and aspiration pneumonia. These results corroborate those of previous inquiries that identified delirium as a risk factor for these AEs \[[@pone.0236370.ref033],[@pone.0236370.ref040]\]. Within the psycho-emotional domain, fear and anxiety were risk factors for falls. Previous studies have shown that patients with fear of falling had a higher average of falls \[[@pone.0236370.ref048]\]. Conversely, our study identified fear/anxiety and aggressive behavior as protective factors against in-hospital mortality. Patients with severe illness often experienced anxiety due to their vulnerable situation \[[@pone.0236370.ref049]\]. Our univariate analysis showed a higher frequency of fear/anxiety in patients who finally died compared with patients discharged alive; however, these results should be corroborated with an analysis of long-term mortality. Similarly, aggressive behavior was more frequent among patients admitted to psychiatric units, and lower frequency of in-hospital mortality was observed in these wards. Furthermore, in the general population and also among in-patients, aggressiveness may be considered a "behavioral response of incitement and attack, verbal and/or physical, due to a stressful situation, loss of control emotional disorganization or intolerance to frustration; it is an acute situational, reactive adaption response or coping strategy" \[[@pone.0236370.ref024]\]. Aggressiveness is related to violence but is not synonymous with it; in violence there exists intentionality to harm oneself or others, while aggressive behavior may merely be a coping strategy in a particular situation. It has certain positive qualities such as helping to focus on one's own values and goals to adjust to new realities and refusing to simply accept things in a passive way. In this sense, aggressiveness, while not a positive behavior in itself, might have a protective effect \[[@pone.0236370.ref024]\].

Other comorbidity-complication factors were independently associated with the AEs selected: edema with pressure ulcers, immunosuppression with falls, and involuntary movements with aspiration pneumonia. First, edema is a strong risk factor for hospitalization \[[@pone.0236370.ref050]\] and skin tear development \[[@pone.0236370.ref051]\]. Second, immunosuppressed patients have an increased risk of falls due to disease or treatment-related consequences such as muscle weakness, joint impairment, reduced mobility and postural instability \[[@pone.0236370.ref052]\]. Third, involuntary movements and muscle weakness are common in patients with neurodegenerative diseases, increasing the risk of aspiration due to swallowing dysfunction \[[@pone.0236370.ref053]\]. Additionally, dehydration was a risk factor for in-hospital mortality while anatomical and functional disorders were protective factors. Some studies have shown that dehydration is closely linked to an increased risk of mortality \[[@pone.0236370.ref054]\], while anatomical and functional disorders include specifications such as amputations, deformities and joint stiffness which are associated with admission profiles with low risk of severity and mortality (APR-GRD 1--2).

Finally, we found that length of stay, male sex and admission to the medical ward were independent factors associated with AEs and in-hospital mortality. Previous studies have found that length of stay and comorbidities were higher among patients who died during hospitalization \[[@pone.0236370.ref009]\] or who experienced AEs \[[@pone.0236370.ref007]\]. Moreover, other studies show that mortality was higher among male, mainly due to cardiovascular diseases \[[@pone.0236370.ref055]\]. Similarly, patients admitted to medical wards tended to have poor health outcomes \[[@pone.0236370.ref019]\].

Finally, admission to a high-tech hospital was a risk factor associated with AEs and a protective factor for in-hospital mortality. Several studies have demonstrated the association between acute status and other patient and organizational measures, and nurse-sensitive outcomes such as mortality and the AE studied here. Nevertheless, further studies are required that combine acuity and complexity measures, as well as organizational variables such as nurse staffing or missed care, to gain a better understanding of their role in patient outcomes \[[@pone.0236370.ref056]--[@pone.0236370.ref058]\].

The strengths of this study are its case-control design and the large number of patients included. Moreover, CCIF and clinical data were comprehensively collected from electronic health record systems and the data warehouse of the Catalan Institute of Health. Physiological, mental-cognitive and sociocultural factors were included in order to identify broader health contributors to AEs and in-hospital mortality. However, there are also some limitations that should be acknowledged. Data on all variables included in the nursing assessments in the electronic health records are usually collected at the time of patient admission in the ward and must be re-evaluated during hospitalization depending on the patient's needs. Therefore, we assumed proper compliance with electronic health records and administrative data; however, voluntary completion of electronic health records probably provides close-to-reality information on nurses' observations and judgements on patient status and progress, but not the reality in itself \[[@pone.0236370.ref059]\]. In addition, this is not a matched case-control study and we did not evaluate other confounders such as patient's lifestyle or Charlson comorbidity index. Finally, we did not consider other AEs known to be sensitive to nursing care in other studies, such as risk of caregiver compassion fatigue \[[@pone.0236370.ref058]\].

Our study highlights several points that should be taken into account during patient care and may help to identify factors associated with nurse-sensitive patient outcomes, as described in previous studies \[[@pone.0236370.ref004]\]. Based on these results, nurses should identify patient complexity factors during admission, and those that are modifiable such as hemodynamic instability on an ongoing basis, in order to implement an effective care process and to prevent poor outcomes. CCIF related to psycho-emotional needs and sociocultural factors may play an important role in healthcare outcomes. Overall, our study found that the frequency of AEs and in-hospital mortality rose with increasing numbers of risk factors and surpassed 10% in patients with at least six CCIF. Our findings may contribute to identifying and stratifying the risk of patient in-hospital outcomes. Nurses have a key role in assessing CCIF and in conducting prevention-oriented interventions, including frequent patient surveillance to minimize potential AEs and mortality.

Conclusions {#sec015}
===========

The risk factors independently associated with both AE and in-hospital mortality were mental status impairments, impaired adaptation, lack of caregiver support, old age, major chronic disease, hemodynamic instability, communication disorders, urinary or fecal incontinence, vascular fragility, extreme weight, uncontrolled pain, male sex, length of stay and admission to medical ward. High-tech hospital admission was associated with an increased risk of adverse events and a reduced risk of in-hospital mortality.
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